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Description 

This invention relates to a heating device, espe- 
cially a self regulating heating device. More particu- 
larly this invention relates to a heater using a positive 5 
temperature coefficient (PTC) resistive material 
which may be arranged for use in heating automotive- 
type outside rearview mirrors. 

Heating devices for glass plates including minors 
using positive temperature coefficient materials have 10 
been devised. Two such devices are disclosed in US- 
A-4,628,187 and US-A-4,63 1,391. These devices 
have certain disadvantages and shortcomings which 
the present invention overcomes. For example, the 
device described in US-A-4,631,391 uses individual 15 
spaced apart plateJettes of PTC heater elements 
sandwiched between two heat conductive layers 
which do not provide uniform heating of the surface 
to be heated. In device described in US-A-4,628,187, 
an area principally at the periphery of the mirror oc- 20 
cupied by the electrode material of the heating device 
is not heated resulting in a significant reduction in mir- 
ror heated area. Further, it should be noted that the 
electrode system in this device uses subsantial, wide, 
constant width silver buss bar conductor paths to car- 25 
ry the necessary current between the terminal con- 
nections and the electrode system. The wide conduc- 
tors, not only result in significant "cold" areas of the 
mirror along the length of the conductors, but also re- 
quires significant quantities of the precious metal sil- 30 
ver which significantly adds to the cost of the device. 

An electrical surface-heating device whereby the 
bus-bars are rendered heat-producing, and are ta- 
pered so that the wide end dissipates the same wat- 
tage as the narrow end, is disclosed in US-A-3 287 35 
684. 

According to this invention a heating device com- 
prises: 

a planar electrically insulative substrate; 
an electrical buss system on one surface of the 40 
substrate, including two buss bar and electrode pat- 
terns having a plurality of spaced apart parallel inter- 
digitated electrodes, adjacent electrodes being con- 
nected to different ones of the buss bars each buss 
bar extending from one of a pair of terminal connec- 45 
tion points to a free end; 

an electrically resistive layer of material having 
a positive temperature coefficient of resistance ex- 
tending over the electrical buss system as a plurality 
of parallel spaced apart stripes transverse to the in- so 
terdigitated electrodes to define a pluraltity of heater 
areas between adjacent elect rodea; 

an adhesive layer deposited over the stripes of 
electrically resistive material and the substrate in the 
spaces between the stripes; 55 

means for achieving a predetermined similar 
power densiy at any location along each of the buss 
bars from their respective terminal connection point 



to the free end, the power density being substantially 
equal to an average power of the heater areas. 

The present Invention provides a heating device 
that maximizes the surface area that is heated and 
also minimizes the use of conductor material by op- 
timizing the size of the conductor paths. 

Preferably the width of the PTC material stripes 
varies in different areas of the substrate to achieve a 
desired power density and thus a desired differential 
heating effect Typically the periphery suffers a great- 
er heat loss and thus the width In this area is greater. 

Preferably the buss bars taper in width from their 
power terminals to their free ends. The taper of the 
buss bars reduces the quantity of conductive material 
required, thereby minimizing the quantity of conduc- 
tive material which is usually precious silver material, 
and minimizes the overall cost to manufacture the 
heater. 

A particular example of a heater in accordance 
with this Invention will now be described with refer- 
ence to the accompanying drawings; in which:- 
Figure 1 is a plan of the heating device; 
Figure 2 is a transverse section taken along the 
line 2-2 shown in Figure 1 ; and, 
Figure 3 is a perspective view of a heating device 
attached to the back side of an automotive-type 
rearview mirror to be heated. 
Shown in Figure 3 is an automotive-type outside 
rearview mirror 10 having a heating device 12 accord- 
ing to the invention attached to a back side. The heat- 
ing device 12 according to the present invention can 
be used in any other application where a self regulat- 
ing heater Is desirable. The embodiment disclosed 
herein however is specifically adapted for use in an 
automotive-type outside rearview mirror application 
which is subject to fogging, frosting, icing over and to 
being covered with snow making it desirable to have 
a device for overcoming such environmental effects. 
Further, this application is particularly suited for heat- 
ing a device subject to changing ambient tempera- 
tures due to its ability to automatically control the 
temperature as a function of the ambient tempera- 
ture. That Is, at elevated ambient temperatures, no 
heating is required, whereas at low ambient temper- 
atures, such as below freezing, higher temperatures 
are desirable. 

Figures 1 and 2 show a preferred construction of 
the heating device 12. As shown In Figure 2, the heat- 
ing device comprises an electrically Insulating sub- 
strate 1 4 of for example MYLAR of about 0.007 inches 
(0.18mm) thickness Deposited on one side of the sub- 
strate 14 is an electrical buss system, shown best in 
the plan view in Figure 1 . The buss system comprises 
a layer of printable, electrically conductive material 
preferably comprising an electrically conductive sil- 
ver polymer such as the commercially available silver 
polymer 725 manufactured by Hunt Chemical. The 
conductive buzz system layer is preferably deposited 
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on the substrata in a thickness within the range of 
about 8 to 10 microns. The buss system further in- 
cludes two buss bars 16, 18 each electrically con- 
nected to and extending from one of two terminals 20, 
22 which each comprise an eyelet 24 secured in a 
hole 25 In contact with a respective one of the buss 
bars and a contact terminal member 26 adapted to 
connect to an external power supply. Each buss bar 
16, 18 extends along substantially opposite portions 
of the peripheral edge of the substrate terminating in 
free ends 28,30. Each buss bar is also tapered in de- 
creasing area from its respective terminal connection 
toward its free end in a manner and for the purpose 
described herein below. Extending perpendicularly 
from each buss bar 16,1 8 are a plurality of conductor 
paths, such as paths 32, 34, 36, 38, defining a plur- 
ality of spaced apart, parallel, Interdigitated electro- 
des. That is, adjacent electrodes connect to opposite 
buss bars and extend in opposite parallel directions 
terminating spaced from the other buss bar. 

Screen printed over the buss system is a layer of 
positive temperature coefficient electrically resistive 
material 40. The PTC material 40 is a screen printable 
PTC electrically conductive ink having a composition 
adjusted to have a desired electrical characteristic for 
the particular application. For example, for automo- 
tive outside rearview mirror applications, a preferred 
screen printable PTC material has been found to com- 
prise an eythlene vinyl acetate co-polymer resin, such 
as Dupont 265 which comprises 28 percent vinyl acet- 
ate monomer and 72 percent eythlene monomer 
modified to have a sheet resistivity of 15,000 ohms 
per square. To achieve this electrical characteristic, 
this eythlene vinyl acetate co-polymer resin is first 
dissolved in an aromatic hydrocarbon solvent such as 
naptha, xylene or toluene at 80 degrees C and let 
down to where 20 percent of the total weight of the sol- 
ution is solids. Carbon black such as CABOT VUL- 
CAN PF is then added and mixed to bring the total sol- 
id content to 50 percent by weight This material is 
then passed through a three roll dispersing mill hav- 
ing a 0.1 to 1 mil (2-25 micron) nip clearance to further 
disperse and crush the solids. The material is then 
further let down with a 20% solids resin and solvent 
solution until the desired sheet resistivity is achieved. 
As noted, the PTC material is screen printed over the 
buss system and substrate in parallel spaced apart 
stripes perpendicular to the electrode pattern, as 
shown In Figure 1. and preferably In a thickness of 
about 2.5 - 5 microns so as to form a plurality of indi- 
vidual heating areas, such as 42, 44 on the substrate. 

When a voltage is applied across the terminals 
and thus across the electrode array, depending upon 
the ambient temperature and electrical characteris- 
tics of the PTC material, current will flow through the 
PTC material between the electrodes causing the in- 
dividual heating areas to heat As is known, the cur- 
rent flow and heating effect of the PTC material de- 



pends on its temperature which will change as the 
ambient temperature changes and, at a predeter- 
mined temperature of the PTC material, the resistivity 
of the material increases causing the material to no 

5 longer conduct current, whereby the heating areas no 
longer generate heat Accordingly, it can be seen that 
the heating device is self regulating in accordance 
with the surrounding ambient temperature. It should 
be noted that the heating effect at any location on a 

10 heater is a function of the power density at that loca- 
tion which can be changed by changing the width of 
the PTC material stripe at that location. Accordingly, 
it is possible to increase or decrease the heating ef- 
fect at any given area of the substrate in accordance 

15 with the specific thermodynamics of the application. 
For example, in automotive outside rearview mirror 
applications, heat loss from the mirror is greatest at 
the perimeter. Accordingly, the width of the PTC 
stripes can be increased, even to the point where ad- 

20 Joining stripes connect together as shown in Figure 1 , 
so as to increase the power density and heating affect 
at those areas. Similarly, the width of the PTC stripes 
can be decreased, for example at the center of the 
mirror where heat loss is the least 

25 The buss system includes a novel buss bar con- 
figuration. The current carrying requirements of each 
buss bar decreases with increasing distance from the 
power terminals. That is, the portion of each buss bar 
at, for example, location A In Figure 1 must carry all 

30 of the current requirements for all of the heating areas 
on the substrate, whereas at location B in Figure 1 the 
buss bar only needs to carry the current requirements 
for the last electrode pair in the system. Accordingly, 
if the buss bar size Is maintained constant at, for ex- 

35 ample, a size sufficient to carry the maximum current 
requirement at location A, there will be little. If any re- 
sistance heating of the buss bar along its length. This 
is particularity true at increasing distances from the 
power terminals toward location B. That is, the buss 

40 bar at greater distances from the terminals becomes 
increasingly oversized and will remain "cold 11 and 
there will be no electrical resistance heating effect in 
the area covered by the buss bars. The invention 
however, decreasingly tapers the buss bars from the 

45 power terminals to their free ends such that the power 
density at any location along the length of the buss 
bar is substantially equal to the average power den- 
sity of all of the heating areas on the substrate. In this 
manner, the electrical resistance created by the sized 

50 buss bar, wi II create a heating effect substantially the 
same as that created by the heating areas. It should 
be noted that one skilled in the art knowing the elec- 
trical characteristic of the PTC material, conductive 
silver and voltage available at the power terminals 

55 can readily calculate the average power density of 
the heater areas and thus the buss bar size at all lo- 
cations required to achieve the average power densi- 
ty at all locations along its length. Accordingly, the en- 
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tire substrate from the center out to the periphery, irv- 
eluding those areas beneath the buss bars, will be 
heated with substantially no cold spots. It can be ap- 
preciated therefore that substantially the entire sur- 
face area of the mirror will be heated. Another advarv 5 
tage of the tapered buss bar is that the quantity of sil- 
ver required is minimized with the corresponding cost 
savings. 

Referring to Figure 2, a layer of acrylic pressure 
sensitive adhesive 46 is deposited over the PTC ma- 10 
teriai. Because the PTC material is deposited in 
stripes, the adhesive is able to flow down to and ad- 
here to the exposed substrate areas 48 in the spaces 
between adjacent stripes of PTC material. The adhe- 
sive adheres significantly better to the MYLAR sub- 15 
strate than to the PTC material and the integrity of the 
bond is significantly increased. A second insulating 
barrier layer 50 of MYLAR of about 0.001 inch 25 mi- 
cron in thickness is secured by the adhesive layer 46 
and functions to environmentally seal the conductor 20 
and PTC material and to electrically insulate the con- 
ductors from possible shorting or arcing to the mem- 
ber on which it is mounted. For example, without the 
barrier layer 50, the conductors could come into con- 
tact with or arc to a silver backing on the mirror. 25 

Another adhesive layer 52 Is deposited on the 
barrier layer and a removable protective covering 54, 
such as paper, is retained to the adhesive layer 52. To 
count the heater on a mirror, the protective covering 
54 is peeled off, the device is secured to the back of 30 
the mirror by the adhesive 52 and the power source 
is connected across the terminals 20, 22. 



Claims 

1 . A heating device comprising: 

a planar electrically insulative substrate 

(14); 

an electrical buss system on one surface 
of the substrate, including two buss bar (16, 18) 
and electrode patterns (34, 36; 32, 38) having a 
plurality of spaced apart parallel interdigitated 
electrodes, adjacent electrodes (32, 34 and 36, 
38) being connected to different ones of the buss 
bars (16. 18) each buss bar (16. 18) extending 
from one of a pair of terminal connection points 
(20, 22) to a free end; 

an electrically resistive layer of material 
(40) having a positive temperature coefficient of 
resistance extending over the electrical buss sys- 
tem as a plurality of parallel spaced apart stripes 
transverse to the interdigitated electrodes (32, 
34, 36, 38) to define a plurality of heater areas 
(42, 44) between adjacent electrodes (32, 34); 

an adhesive layer (46) deposited over the 
stripes of electrically resistive material (40) and 
the substrate (14) in the spaces between the 
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stripes; 

means for achieving a predetermined sim- 
ilar power density at any location along each of 
the buss bars (16, 18) from their respective ter- 
minal connection point (20, 22) to the free end, 
the power density being substantially equal to an 
average power density of the heater areas (42, 
44). 

2. A heating device according to claim 1, wherein 
the means for achieving the predetermined pow- 
er density includes each buss bar (16, 18) being 
decreasfrigly tapered from its respective terminal 
connection point (20, 22) to its free end. 

3. A heating device according to daim 1 or 2, where- 
in the buss bars (16. 18) extend generally along 
opposite edge portions of the substrate (14). 

4. A heating device according to any one of the pre- 
ceding claims, which also includes an electrically 
insulative barrier layer (50) adhered to the adhe- 
sive layer (46). 

5. A heating device according to daim 4i which in- 
cludes another adhesive layer (52) on the other 
side of the barrier layer (50) from the one adhe- 
sive layer (46). 

6. A heating device according to claim 5, further in- 
cluding a removable protective layer (54) on the 
side of other adhesive layer (52) remote from the 
barrier layer (50). 

7. A heating device according to any one of the pre- 
ceding claims, wherein the stripes (28, 30) of re- 
sistive material (40) at least along a portion adja- 
cent the periphery of the substrate (14) have 
widths greater than the widths of the other stripes 
of resistive material (40). 



8. A heating device according to any one of the pre- 
ceding claims, wherein the electrically Insulating 
substrate (14) has a predetermined shape con- 

45 forming to that of a member to be heated. 

9. A heating device according to any one of claims 
1 to 5 or claims 7 or 8 when dependent upon any 
one of claims 1 to 5, when adhered to the back 
face of a mirror (1 0) by the one or other adhesive 
film (46. 52). 
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Patentanspruche 

1. Heizgerfitmit 

einem flachigen elektrisch isdierenden Substrat 
(14); 
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einem elektrischen Sammelsystem auf einer Flfi- 
che dea Substrata mtt zwel Sammelachienen- 
(16, 18) und Eektrodenmustern (34, 36; 32, 38), 
dia eine Vielzahl von voneinander beabstandeten 
parallelen paralleigeschalteten Elektroden auf- 0 
weisen, wobei benachbarte Elektroden (32, 34 
und 36, 38) mlt unterschledlichen Sammelschie- 
nen (16, 18) verbunden 8ind und Jede Sammei- 
achiene (16, 18) alch von ainem einea Paara von 
AnschluBpunkten (20, 22) zu einem f reien Ende 1 o 
hin erst redd; 

einer Schicht aus einem elektrischen Wider- 
atandsmatarial (40) mit einem posrtiven Wider- 
standstemperaturkoefflzlenten, die sich Qberdas 
elektrische Sammelsyatem ala eine vielzahl par- 1 s 
alleler beabatandeter Straiten quer zu den paral- 
leigeschalteten Elektroden (32, 34, 36, 38) er- 
streckt urn eine Vielzahl von Helzzonen (42, 44) 
zwischen benachbarten Elektroden (32, 34) zu 
bilden; 20 
einer Klebstoffachicht (46) die uber den Streifen 
dea elektriachen Wlderstandamaterlals (40) und 
dem Substrat (14) in den Rfiumen zwischen den 
Streifen aufgetragen iat; 

einem Mittel zum Erreichen einer vorbestimmten 25 
flhnlichen Leistungsdlchte an einem belieblgen 
Ort entlang jeder Sammelachlene (16, 18) von 
deren AnschluBpunkt (20, 22) zum freien Ende, 
wobei die Leistungsdlchte im wesentlichen 
gleich einer durchschnittllchen Leistungsdlchte 30 
der Helzzonen (42, 44) ist 

2. Heizgerfit nach Anspruch 1, dadurch gekenn- 
zeichnet daft das Mittel zum Erreichen der vor- 
bestimmten Leiatungadlchte umfaBt, dad alch je- 35 
de Sammelschiene (1 6, 1 8) von ihrem Anschlufir 
punkt (20, 22) zu ihrem freien Ende hin verjungt 

3. Heizger§t nach Anspruch 1 oder 2, dadurch ge- 
kennzeichnet daB die Sammelachienen (16, 18) 40 
sich Im allgemelnen entlang einander gegen- 
uberliegender Kantenabschnttte des Substrata 

(14) erstrecken. 

4. Heizgerfit nach einem der vorhergehenden An- 45 
spruche, dadurch gekennzeichnet daB das Heiz- 
gerat weiterhin eine etektriach isdierende Sperr- 
schicht (50), die an die Klebstoffachicht (46) ge- 
klebt 1st aufwelst 

50 

5. Heizgerat nach Anspruch 4, dadurch gekenn- 
zeichnet, daB das Heizgerfit eine we it ere Web- 
stoffschicht (52) auf der anderen Seite der Sperr- 
schicht (50), bezogen auf die erste Klebstoff- 
schicht (46), aufwelst. « 

6. Heizgerat nach Anspruch 5, dadurch gekenn- 
zeichnet daB das Helzgerfit weiterhin eine ent- 



fernbare Schutzschlcht (54) auf der Seite der 
weiteren WebatoffBchlcht (52) von der Sperr- 
schlcht (50) entfernt aufwelst 

7. Heizgerfit nach einem der vorhergehenden An- 
sprOche, dadurch gekennzeichnet daB die Strei- 
fen (28, 30) dea Wideratandsmateriala (40) zu- 
minde8t entlang einem Abschnltt am Umfang des 
Substrata (14) Brelten haben, die grfiBer sind ala 
die Brelten der anderen Streifen dea Wider- 
atandsmateriala (40). 

8. Heizgerfit nach einem der vorhergehenden An- 
sprQche, dadurch gekennzeichnet daBdaa elek- 
trisch isolierende Substrat (14) eine vorbestimrrv 
te Gestalt pas send zu der dea zu behelzenden 
Glledes aufwelst 

9. Heizgerfit nach einem der AnsprQche 1 bis 5 oder 
AnsprOche 7 oder 8, abhfingig von einem der An- 
spruche 1 bia 5, dadurch gekennzeichnet, daB 
das Heizgerfit mlttela der elnen oder anderen 
Klebstoffachicht (46, 52) an der ROckf Ifiche einea 
Spiegels (10) befestigt ist 



Revendlcationa 

1 . Disposltlf chauf fant comportant : 

un substrat plan electrlquement isolant 

(14); 

un systeme de bus eiectriques sur une 
surface du substrat comprenant deux barrea 
omnibua (16, 18) et des conf Igurationa d'eiectro- 
dea (34, 36 ; 32, 38) ayant plusleura Electrodes 
paralleled espac6es entrecrols6es, des Electro- 
des adjacantes (32. 34 et 36, 38) 6tant connec- 
ts a certaines, diff6rentes, des barres omnibus 
(16, 18), chaque barre omnibus (16, 18) s'6ten- 
dant de Tun des deux points de connexion de bor- 
nes (20, 22) jusqu'fi une extr6mit6 libre ; 

une couche eiectriquement resistive de la 
matidre (40) dont la resistance presente un coef- 
ficient poaitif de temperature attendant au-des- 
sus du systems de bus eiectrique sous forme de 
plusieurs rales paralieies et espacEes, transver- 
8 ales aux electrodes entrecroisees (32, 34, 36, 
38) pour d6f Inlr plusieurs zones chauf fantes (42, 
44) entre des electrodes adjacentes (32, 34) ; 

une couche (46) d'adheslf deposee sur lea 
raies de la matiere eiectrlquement resistive (40) 
et le substrat (14) dana lea ea paces entre lea 
raies ; 

dea moyens pour etabllr une den8it6 de 
puissance almllalre et predetermine en tout em- 
placement le long de chacune dea barres omni- 
bua (1 6, 1 8) depute leur point respectif (20, 22) de 
connexion de bornes jusqu'fi I'extr6mlt6 libra, la 
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densitd de puissance 6tant sensibiement 6gale d 
une denarte moyenne de puissance des zones 
chauffentes (42, 44). 

2. Dispositif chauffant selon la revendication 1, 5 
dans Iequel les moyens pour 6tablir la densiti de 
puissance pr6d8termin6e comprennent le fart 
que chaque barre omnibus (16, 18) est effil6e de 
facon progressive depuis son point respectif de 
connexion de bornes (20, 22) vers son extrtmrtt 10 
libra. 

3. Dispositif chauffant selon la revendication 1 ou 2, 
dans I equal les barres omnibus (16, 18) s'eten- 
dent globalement ie long de partie de bords op- 15 
poses du substrat(14). 

4. Dispositif chauffant selon I'une quelconque des 
revendications precedentes, qui comprend aussi 

une couche d'arret dlectriquement isolante (50) 20 
collee A la couche d'adhesif (46). 

5. Dispositif chauffant selon la revendication 4, qui 
comprend une autre couche d'adhesif (52) sur 
I'autre face de la couche d'arret (50) par rapport 25 
6 cello de la premiere couche d'adhesif (56). 

6. Dispositif chauffant selon la revendication 5, 
comprenant en outre une couche prate Ctrl ce 
amovible (54) sur la face de I'autre couche 30 
d'adhesif (52) eioignee de la couche d'arrtt (50). 

7. Dispositif chauffant selon Tune quelconque des 
revendications pr6c£dentes, dans iequel les 
raies (28, 30) de la matters resistive (40), au 35 
moins le long d'une partie adjacente & la Periphe- 
rie du substrat (14), ont des largeurs supgrieures 

aux largeurs des autres raies de matiere resistive 
(40). 

40 

8. Dispositif chauffant selon I'une quelconque des 
revendications precedentes, dans Iequel le subs- 
trat dlectrfquement Isolant (14) prtsente une for- 
me pr6d6tenmin6e conforme d ceile d'un 6l6ment 
devant fitre chauffe. 43 

0. Dispositif chauffant selon I'une quelconque des 
revendications 1 d 5 ou des revendications 7 ou 
8 en dependance de I'une quelconque des reven- 
dications 1 a 5, lorsqu'll est colle d fa face arriere so 
d'un miroir (10) par I'un ou I'autre des films 
d'adh6sJf(48,52). 
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